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Abstract Medical education increasingly involves online
learning experiences to facilitate the standardization of curric-
ulum across time and space. In class, delivering material by
lecture is less effective at promoting student learning than
engaging students in active learning experience and it is un-
clear whether this difference also exists online. We sought to
evaluate medical student preferences for online lecture or on-
line active learning formats and the impact of format on short-
and long-term learning gains. Students participated online in
either lecture or constructivist learning activities in a first year
neurologic sciences course at a US medical school. In 2012,
students selected which format to complete and in 2013, stu-
dents were randomly assigned in a crossover fashion to the
modules. In the first iteration, students strongly preferred the
lecture modules and valued being told “what they need to
know” rather than figuring it out independently. In the cross-
over iteration, learning gains and knowledge retention were
found to be equivalent regardless of format, and students
uniformly demonstrated a strong preference for the lecture
format, which also on average took less time to complete.
When given a choice for online modules, students prefer pas-
sive lecture rather than completing constructivist activities,
and in the time-limited environment of medical school, this
choice results in similar performance on multiple-choice ex-
aminations with less time invested. Instructors need to look
more carefully at whether assessments and learning strategies
are helping students to obtain self-directed learning skills and
to consider strategies to help students learn to value active
learning in an online environment.
Keywords Online . Elearning . Active learning . Lecture .
Medical education . Pre-clinical
Background
The use of online resources and curricula by administration,
educators, and learners is expanding. Online learning oppor-
tunities facilitate the distribution across institutions of a stan-
dardized, expert-driven curriculum [1, 2]. In addition, online
modules can allow students to drive the learning process by
determining what, when, where, and how information is
accessed [3–5]. Several randomized controlled trials have
shown online modules have comparable efficacy to in-class
learning experiences, but due to the lack of human contact,
there can be a decrease in student engagement and confidence
in their understanding of the material [6–12]. Some instructors
address this pedagogical challenge by adopting a blended or
hybrid model where students use online lectures as prepara-
tion for an in-class active learning experience, which facili-
tates interaction with the instructor [13, 14]. However, this
model is time-intensive and evidence supports that the bene-
fits of the flipped classroom come from the in-class active
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learning component [15]. The knowledge of what online
structures contribute to effective learning is limited and there
is variability in how learning principles are applied to online
module development [16].
Given the breadth and depth of medical school curricular
content, online modules must be implemented in a way that
optimizes learning using solid educational pedagogy. There is
overwhelming evidence based on meta-analyses that in the
classroom, student engagement in student-centered learning
activities rather than passively listening to lectures results in
improved performance and may be particularly important for
students from underrepresented groups [17]. Online, recorded
lectures allow students to learn the information in a self-paced
manner, but like in-class lecture do not require students to
actively engage in the material, to utilize metacognitive strat-
egies, or to practice applying the information [18]. The devel-
opment of more complex online modules including simula-
tions, virtual laboratories, or interactive case presentations is
time- and resource-intensive [19]. In addition, students’ atti-
tudes toward the modules in the context of the other medical
school curricular elements will impact their learning experi-
ence [20, 21].
Little information exists directly comparing online passive
to online active learning formats on medical student exam
performance or preference [22]. We provided students with
online experiences using both lecture and active learning for-
mats. The constructivist learning activity was designed with a
technical scaffolding approach such that students were asked
to answer a series of questions using a finite number of re-
sources [23, 24]. At times, we gave students the option to
choose between formats and in other cases we used a random-
ized, crossover format to expose students to both module
types.We compared module-learning gains, knowledge reten-
tion of the material on the course assessments, perceived value
for the two formats, time spent on the modules, and associa-




The University of Minnesota Medical School Duluth is a 2-
year regional branch campus with a mission to create rural,
family physicians and American Indian physicians. There are
60matriculates each year with some students entering delayed
programs slightly altering the number of students enrolled in
each course. For the two classes in this study, 45 % of the
students were female and 8 % were Native American. The
average MCAT for the students in the study was 28.8±2.9,
and the average pre-medical school GPA was 3.55 ± 0.25.
Students are enrolled in an organ system-based curriculum.
Each course contains core content in the basic sciences of
anatomy, pathology, pharmacology, physiology, and microbi-
ology as well as clinical science applications including phys-
ical examination and diagnostic skills. The Neurological
Medicine course is a required course of the first year curricu-
lum. During this 8-week course, students complete approxi-
mately 100 h of lecture and 100 h of additional instruction
through anatomy lab, simulation, clinical experiences, and
independent learning activities. The University of Minnesota
Institutional Review Board approved this study on 9/29/2011,
study #1109E04785.
Online Learning Modules
During the first iteration in 2012, a clinician and basic scientist
developed seven interdisciplinary modules for the
Neurological Medicine course with additional support from
various content experts. Each neurological independent learn-
ing module online (NILMO) was designed to cover core con-
tent in several disciplines including headache, stroke, and sei-
zure. The module was the primary mode of transmitting the
content to the students. Prior to each module, students com-
pleted a five-question multiple-choice pre-test on the module
content. The pre-test questions consisted of two-step board
style questions requiring the development of higher level
Bloom’s skills including analysis, synthesis, and/or applica-
tion of concepts, not simple factual recall [25]. Students then
chose between the two learning formats designed to address
the learning objectives of the module. The first option was a
30–40-min PowerPoint lecture with an expert audio commen-
tary. The second option was a scaffolded worksheet where
students were provided a list of questions and of recommend-
ed resources. The questions asked students to reflect on short
video clips, draw pictures, interact with an online eye simula-
tor, or construct tables (Electronic Supplementary Material 1).
After reviewing the module, students completed a post-test
evaluation, consisting of the same five questions presented
in the pre-test. Students then had the option to be done or to
complete the other learning format and repeat the post-test.
The final post-test evaluation score counted toward each stu-
dent’s final course grade and the material was tested on the
course final but not on the block exams. The NILMOs were
delivered to students using an institutionally developed web-
based curriculum management system regularly accessed by
the students.
During the second iteration in 2013, the course was
reorganized into five blocks that included five of the previous
seven modules. Rather than giving students the choice be-
tween the lecture and activity formats, we randomized stu-
dents into four cohorts and assigned in a crossover fashion,
each cohort to complete two lectures and two activities
(Fig. 1). For the fifth module, students were given the option
to choose between the lecture and the activity. In the previous
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year, students received delayed feedback from the instructors
on their answers to the assignment questions, so we integrated
an immediate feedback system to support learning [26]. After
submitting their answer to an activity question, students
unlocked an expert answer and a subset of their peers’ an-
swers. For each module, students completed the same five-
question pre-test and post-test assessments and a survey as to
the value of the experience and the amount of time they spent
on the module. In this iteration, the post-test evaluations were
not counted toward total course points; however, questions
relating to the NILMO content were included on the five-
block tests, and if students did not complete the module, they
were ineligible to receive the associated NILMO points on the
block test.
Data Analysis
Student performance on pre- and post-tests at the beginning
and end of each module was used to measure learning gains.
Between three and six questions on each of the block tests
directly related to the modules were used to evaluate short-
term knowledge retention. Finally, seven questions on the fi-
nal exam were used to evaluate long-term knowledge reten-
tion. We assessed students’ format preferences using descrip-
tive statistics and by reviewing narrative survey feedback.
Immediately after completing each module, students’ self-
reported time spent on the module as 0–30 min, 31 min–1 h,
1–2 h, 2–3 h, 3–4 h, 4–5 h, and more than 5 h, and perceived
value as useless, some benefit, significant, or essential.
Students provided free text additional comments at the end
of the module and end of the course.
Data analysis was carried out in SAS 9.2 and SAS 9.3
(SAS Institute Inc., Cary, NC, USA). We used linear regres-
sion to analyze for associations between overall performance
on the NILMOs (total points) and the course final exam score
and for associations between performance on each NILMO
and the associated block exam. We used two sample t tests
and cumulative logistic and repeated measures model fitting
as appropriate. We analyzed for univariate factors associated
with learning gains on each of the models using the non-
parametric Kruskal-Wallis test, Fisher’s exact test, and
Spearman’s rank correlation tests. Multiple linear regression
models were used to determine whether there was an associ-
ation between the NILMO block score and possible predictors
of performance including activity choice, minority status, gen-
der, MCAT (total score and MCAT subscores in verbal rea-
soning, physical sciences, biological sciences, and writing
sample), undergraduate GPA (total and biosciences subscore),
and time spent on the module. Multivariate modeling was
done to explore possible conditional associations between




In the 2012 iteration, we sought to compare online lecture and
online active formats by giving students a choice to either
view an online lecture or complete a structured worksheet.
The modules were developed for a neurological medicine
course and contained core content that was primarily present-
ed in the module. The lecture component consisted of a re-
corded PowerPoint presentation, and the scaffolded activity
required students to answer a series of questions using recom-
mended resources. Students had the option to complete both
formats and earned points toward their course grade for com-
pleting either format. All of the students completed the mod-
ules, but students overwhelmingly selected to complete only
the lecture option, which prevented a comparison of learning
gain by format in this iteration. Ten students selected to com-
plete an activity only 16 times out of the 441 possible selection
opportunities (3.6 %) and 11 of those times, a student chose to
complete both the lecture and the activity. The narrative data
collected from the students suggested an increased level of
familiarity and comfort with the lecture format of learning,
which is more consistent with most of their prior medical
school coursework.
Therefore, in the second year, we utilized a randomized
crossover design to expose students to both learning formats
and we decreased the number of modules to 5 (Fig. 1b).
Students were randomly assigned to complete two lecture
and two activity modules, and for the final module, students






























Fig. 1 Overview of the online interventions. a Prior to the module,
students completed a five-question pre-test, and after completing the
module, students completed a post-test and survey. Student
performance on the module learning objectives was monitored on the
course block tests and on the course final exam. b Students were
randomly assigned into four cohorts and assigned to complete two of
the lecture NILMOs and two of the activity NILMOs. For the fifth
NILMO, students chose which format to complete. The topics
associated with the NILMOs are shown below the name with NILMO
1 being an overview of the central nervous system (CNS)
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were given a choice between the formats. All of the students
completed the modules, and even after being exposed to both
module types, students still overwhelmingly chose the lecture
option with only 1 out of 58 students choosing to complete the
activity for the final module.
Student Performance by Format
Even though the students strongly preferred the lecture for-
mat, it is possible that the students doing the activity would
show higher performance than the students who watched the
lecture. The randomized crossover design allowed us to look
at the differences between the formats in a controlled manner.
We found that both formats resulted in increased learning
gain, but that there were no significant differences in gain
between the two formats on any of the modules. The mean
learning gain for each of the modules (post-test minus pre-test)
on a five-point scale ranged from 0.52 to 2.59 (Table 1). The
average student learning gain for the lecture format was 1.54
and for the active format was 1.24 points.
We evaluated short- and long-term retention of the module
content by students’ performance on the block tests and the
course final exam. Student performance on questions related
to the module material was compared depending on whether
the students had viewed the lecture or completed the activity.
We saw no significant difference in student performance by
format. In addition, there were no associations between mod-
ule learning gains and performance on associated block or
final exam questions or student demographics including gen-
der, MCAT, undergraduate GPA, or race. Therefore, the use of
the active modules did not appear to help a particular group of
students.
Student Perceived Value
Given that the students demonstrated learning gains for both
formats, we wanted to assess how valuable the students felt
the formats were. We used student survey data collected im-
mediately after completing the online module to compare stu-
dent attitudes toward the formats. Students weremore likely to
rate the experience of viewing the lecture as being essential or
significantly beneficial toward their mastery of the informa-
tion (Fig. 2a). This is in contrast to their rating of the activity,
which was more likely to be rated as useless or only having
some benefit. There was no association between the student
rating of the value of the activity and their module learning
gain or their performance on the material on the block exam-
ination. Students were found to value the lecture more than the
activity both years of the study even after the modules were
tailored to provide enhanced feedback to the user.
We also collected student narrative comments at the end of
the course both years to gain a better understanding of student
perspectives. The student response rate at the end of course
surveys was 69 %. One student said “I want to look at your
lecture and be told what is important” and another said,
“looking things up takes a lot of time I don’t believe it is
worthwhile”. The students disliked that they were not able to
ask questions during either format. One student did acknowl-
edge, “as much as I dislike doing NILMO activities, I would
say that I learn the content better than if I just listened to a
lecture”.
We then looked at how time varied between the comple-
tions of the two different module formats. We found that stu-
dents reported spending around 3 h on the activity module and
around 2 h on the lecture module (Fig. 2b). This amount of
time commitment was comparable to the amount of curricular
time students spent on other core topics. A subset of students
reported spending more than 5 h on either the lecture or activ-
ity. The time spent on the modules and the learning gains
decreased over the modules. Note we did not find that spend-
ing more time on the module correlated with an improved
performance on the post-test or on material on the course
examinations.
Discussion
In a pre-clinical course, students strongly prefer online lec-
tures to online constructivist learning activities. Students dem-
onstrate equivalent short-term learning gains and knowledge
retention regardless of educational format. Given the rapid
rate of the expansion of medical knowledge, limited resources
Table 1 Learning gains for
randomly assigned students
completing either the activity or
lecture
Module Choice Mean Confidence interval Variance treatment (p value)
NILMO 1 Activity 2.07 (1.69, 2.45) Pooled (0.34)
Lecture 1.83 (1.37, 2.28)
NILMO 2 Activity 1.32 (0.66, 1.98) Pooled (0.10)
Lecture 2.59 (2.11, 3.06)
NILMO 3 Activity 0.71 (0.082, 1.35) Pooled (0.73)
Lecture 1.21 (0.62, 1.81)
NILMO 4 Activity 0.86 (0.46, 1.27) Pooled (0.24)
Lecture 0.52 (0.013, 1.02)
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for the development of medical curricula, and student interest
in technology, online curricular innovation is likely to become
an integral part of most medical education programs.
Knowledge of student preferences and the relative effective-
ness of various curricular formats will assist medical educators
as they plan and implement online curricula.
We attempted to avoid pitfalls previously shown to de-
crease student satisfaction with online learning [10]. To facil-
itate student accessibility and ease of use, the modules were
integrated into the familiar course management system and
students reported few technical challenges working with the
modules. Online resources are sometimes viewed as supple-
mental or optional activities. Students completed all of the
modules in this study since this was their only exposure to
these important topics and because they earned points
toward their grade for the completion of the modules.
Through the course management system, students had
access to only one of the resources and were directed
to complete the module independently using the assigned re-
source. In the event that cross sharing occurred, we do not
believe that this meaningfully complicates our analysis since
the benefit of the constructivist activity is derived from com-
pleting the activity.
We incorporated general principles that lead to more effec-
tive learning including feedback, activity, individualization,
and relevance [27]. Students valued having the pre-/post-test
to provide feedback on their understanding of the material, but
adding the timely expert and peer answer responses did not
positively impact students’ attitudes toward the activity-
focused modules. This lack of engagement with the module
indicates that independently, students may be less able to ac-
tively engage with the material [28]. Individualization was
incorporated in that students could choose to answer questions
by drawing pictures or writing explanations to the questions.
Relevance can be a challenge during the first year medical
curriculum so a clinician was engaged in the development of
the modules. One of the modules provided a link for students
to interact with an online eye simulator, but even in this case,
students indicated that they would prefer to have the informa-
tion communicated to them by PowerPoint.
The social structure or field of the course can impact stu-
dent willingness to invest in active learning [29]. This was a
very time-consuming course with students in class on average
6 h a day. Therefore, successful students adapted a disposition
that valued efficiency to acquire the desired capital of course
points and increased time on task for this exercise did not
result in an improved performance on the examination ques-
tions. The limited time became more challenging further into
the course and students’ learning gains on later modules using
either format were low. One of the students in the course wrote
that it is “Ironic, we’re learning about learning and memory
(or we will be anyway) but are not able to do things like the
assignment.” Therefore, students seem to be aware of the val-
ue of active learning but are choosing the less time-intensive
path as indicated by how long they estimated spending on
each of the formats. Students need to have sufficient time to
meaningfully engage in online active learning. Students be-
come less self-directed in their approach to learning over the
first year of medical school [30]; thus, there is a reason to
prioritize learning activities that help students develop self-
directed learning skills.
Assessment drives learning. There was no difference be-
tween the formats in performance on multiple-choice assess-
ments that required students to apply the information in the
module. We had a limited number of questions on our pre/
post-tests and some students scored well on the pre-test and
post-test, which left little room for improvement and variabil-
ity between students. We may have failed to detect a signifi-
cant difference between the two formats as the difference was
small and we had a small student sample size, but the active
learning exercises also did not result in a significant improve-
ment in exam performance. In the current study, we were
unable to assess whether the modules enhanced self-directed
learning skills or patient outcomes since these students are not
regularly engaged in clinical practice. We chose to use the













































































Fig. 2 Student attitudes toward and time estimates for the completion of
the online modules. a Immediately after completing each module,
students were asked to report the value of the lecture and/or assignment
as useless, some benefit, significant, or essential. b Students estimated the
amount of time they spent completing the entire module. The percentage
of students choosing each category was averaged over the five NILMOs
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form of assessment in our curriculum and on the board exams,
but this format may not be effective at measuring differences
between the two learning formats.
Collaborative learning is an important feature that is often
missing from online learning. Physicians engaged in continu-
ing medical education generally highly rate web-based learn-
ing [10], but in the first year of medical school having the
support of peers and instructors for application of course con-
tent may be necessary to develop student self-efficacy. Since
2014, the content of these modules has been delivered in per-
son as group activities in an active learning classroom.
Students are more engaged and feedback on the constructivist
active modules has been positive, suggesting that this type of
learning format may occur better in person than online in the
first year student population. A limitation of our study is that it
was implemented at a single medical school, so we cannot
conclude whether these results are transferable to other first
year medical school environments.
Conclusion
Previous work has focused on comparing online to active
learning environments, but given the rapid rate of expansion
of medical knowledge and increasing time demands, it is im-
portant to also identify the most effective online learning for-
mats. We found students preferred online lecture rather than
completing online constructivist activities and that this choice
results in similar performance on the standard medical school
multiple-choice examinations with less time invested. At the
same time, an important goal of medical education is to foster
self-directed learning and so instructors need to reflect when
developing online curriculum on what skills their assessments
and learning strategies are building as well as what other cur-
ricular elements may be occupying the students’ time. Given
the challenge for students in completing constructivist activi-
ties online, it will also be important to devise additional strat-
egies to support students in this environment.
NILMO, neurological independent learning modules online
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